Abstract. We present an algorithm that improves the overall performance of compression algorithms by applying low-pass filtering before the compression process and inverse filtering after decompression. Prefiltering images prior to encoding removes high spatial frequencies from the original image, thus increasing the compression ratio of the encoder. The image degradation caused by the filter together with the nonlinear transformation of a typical compression algorithm reduces the entropy of the original image, thus increasing the compression ratio. In addition to improving the compression ratio, the suggested scheme reduces the blocking effect that is common to block-based compression algorithms, such as the Joint Picture Experts Group (JPEG).
Introduction
Image and video compression is a critical component for any application that requires transmission or storage of image data. The main objective of image and video compression as well as of other types of signal compression is to compress the data for specified channel bandwidths or storage requirements while maintaining the highest possible signal quality. The transmission and storage of digital images requires an enormous expenditure of bandwidth and/or memory resources, which, in turn, necessitates the use of various compression schemes. These compression schemes can be divided into two categories: lossy coding schemes and lossless coding schemes.
In this paper, we propose a method that can increase the compression ratio to one that is appropriate for lossy image compression techniques. The proposed method is demonstrated on the common Joint Picture Experts Group ͑JPEG͒ standard ͑see, for example, Refs. 1, 2, and 3͒. Our method consists of preprocessing the image prior to encoding and postprocessing after decoding to improve the compression algorithm performance. Preprocessing images prior to encoding has previously been suggested to remove noise or unimportant details for the purpose of improving the overall performance of an image coder. [4] [5] [6] In the context of image coding, preprocessing can remove noise and simplify the image data such that it is easier to encode. The coder can remove noise, especially at low image quality, by coarsely quantizing the high-frequency components. Various postprocessing methods have recently been developed, mainly for the purpose of removing the blocking effects that occur after image decompression. [7] [8] [9] [10] [11] [12] In this paper, we demonstrate the advantages of adding both preencoding filtering and postdecoding inverse filtering to the basic compression algorithm. In the preprocessing stage, we apply a low-pass filter to the image, which increases the dependence between neighboring pixels. This reduces the image content entropy, which, in turn, increases the compression ratio. Entropy reduction is mainly due to noise suppression, but also can result from a concentration of the discrete cosine transform ͑DCT͒ coefficients toward the low spatial frequencies. We investigate several types of low-pass filters to find an optimum filter type that will reduce the image size while guaranteeing minimum degradation after the restoration process. Similar work was done in Ref. 6, however, these authors used a filter that reduces all the frequencies behind a certain cutoff frequency. In their algorithm, no attempt is made to restore these frequencies at the decoder side. However, in our scheme, after decompression we apply an inverse filtering process using the optimal Wiener filter to compensate the blurring effect induced in the preprocessing stage. This approach combines the advantages of both preprocessing and postprocessing, which increases the compression ratio while still maintaining high image quality. The results of this research can be useful to decrease the bandwidth required for transmission video signals and for saving hard disk memory size while storing digital images. This approach can be further extended for purposes of video protection during transmission over a common channel for many users, such as in the video on demand ͑VoD͒ system. The algorithm is designed so that only the delegated subscribers will be able to decode the video stream correctly, while all the other users will receive a degraded image. In our suggested scheme, the encoder side uses a bank of different low-pass filters that are applied to the original video stream in a random manner. As a result, the transmission video is degraded in a random way such that only a decoder with the correct sequence of filters can restore the image correctly. Although this scheme does not work on the phase as do common algorithms for image encryption, 13,14 it can be very efficient for protecting video
